ABSTRACT To investigate knockdown resistance (kdr)-like mutations associated with pyrethroid resistance in Anopheles sinensis (Wiedemann, 1828), from Guangxi province, southwest China, a segment of a sodium channel gene was sequenced and genotyped using three new genotyping assays. Direct sequencing revealed the presence of TTG-to-TCG and TTG-to-TTT mutations at allele position L1014, which led to L1014S and L1014F substitutions in a few individual and two novel substitutions of N1013S and L1014W in two DNA templates. A low frequency of the kdr allele mostly in the heterozygous state of L1014S and L1014F was observed in this mosquito population. In this study, the genotyping of An. sinensis using three polymerase chain reaction-based methods generated consistent results, which agreed with the results of DNA sequencing. In total, 52 mosquitoes were genotyped using a direct sequencing assay. The number of mosquitoes and their genotypes were as follows: L/L ϭ
Anopheles sinensis (Wiedemann, 1828), one of the major vectors of malaria in China, is currently regarded as a putative urban malaria vector (Su et al. 2001 , Li et al. 2002 . This species is widely distributed in China, except in the Xizang and Qinghai autonomous regions, and its distribution extends beyond the south and west of China to Vietnam, Laos, and so on (Hyeong et al. 2002) , and beyond the east to Korea, Republic of Korea, and Japan (Kyoung et al. 2010) . Vector control remains the cornerstone of malaria prevention and outbreak control because of the lack of a malaria vaccine. The control of An. sinensis in China relies on indoor residual spraying of insecticides and long-lasting insecticidal mosquito nets in rural and urban areas. In the past decades, the use of dichlorodiphenyltrichloroethane (DDT)-impregnated mosquito nets has been one of the cheapest and most effective interventions against malaria, and this technique has been regarded to be comparatively safer because of the relatively low toxicity of DDT to mammals (Li et al. 1997 , Lu et al. 1963 . Unfortunately, in China, vector control programs are facing operational challenges as mosquitoes are becoming resistant to the commonly used pyrethroids and DDT insecticides (Su et al. 2001; Li et al. 2002; Yu et al. 2000 Yu et al. , 2003 .
Pyrethroids and DDT act on voltage-gated sodium channels (VGSC) in the nerve cell membranes of insects by altering the gating kinetics, leading to paralysis and eventual death (Davies et al. 2008 ). An important resistance mechanism against pyrethroids and DDT known as knockdown resistance (kdr) has been linked to a single amino acid residue mutation in a structural protein of the para-type sodium channel because of the change in the levels of basic radicals in several insect species (Soderlund et al. 2003) . Several mutations such as this have been reported in insects and summarized by Davies and Williamson (2009) and Wang et al. (2002) .
Two different kdr mutations in the VGSC gene caused by L1014F and L1014S substitutions were reported in Culex pipiens pallens (Coquillett, 1898) in eastern China owing to the pyrethroid resistance (Chen et al. 2010) . The co-occurrence of kdr mutations in the same allele has also been detected in the African malaria vector An. gambiae (Verhaeghen et al. 2006) . In West Africa, a kdr mutation that resulted in L1014F substitution was reported in the S6 segment of domain II of the para-type sodium channel. Another L1014S substitution was found at the same amino acid position in Kenya, East Africa (Ranson et al. 2000 , Verhaeghen et al. 2006 ). The two specimens were reported to carry both mutations in the same allele in the heterozygous state (Verhaeghen et al. 2006) . Moreover, the coexistence of kdr mutations in the VGSC gene resulting in L1014F and L1014C substitutions have also been reported in the S6 segment of domain II of the VGSC gene in An. sinensis from Jiangsu province, East China, which was also veriÞed to be associated with the kdr to beta-cypermethrin (Tan et al. 2012) .
L1014F, referred to as kdr mutation, is the traditional mutation in insects against pyrethroid insecticides and DDT. Variant mutations L1014H and L1014S have also been reported in insects (Park et al. 1997 , Guerrero et al. 1997 ). However, L1014S and two ambiguous substitutions, N1013S and 1014F/W, have not been reported in An. sinensis in China. The current study reports the presence of two alternative substitutions (L1014F and L1014S) presumed to be associated with kdr and two fanciful ambiguous substitutions (N1013S and 1014F/W) in An. sinensis from Guangxi province in southwest China. In addition, for the monitoring of kdr mutations by the branches of the Center for Disease Control and Prevention (CDC) in China, three polymerase chain reaction (PCR) assays for the genotyping of both kdr-like mutations were developed and described.
Materials and Methods
Statement of Ethical Approval. No ethical approval was required because no regulated animals were used in the current study. Prepermission (August to November 2010) was granted for mosquito observation, adult mosquito collection, and Þeld studies in Guangxi province by the Committee for Animal Welfare and Animal Ethics of the CDC in Guangxi (Guiping, Guangxi province, P. R. China).
Mosquito Strain. Mosquitoes were collected between August 2010 and November 2010 (Fig. 1 ) from villages in Guiping county, Guangxi, China, situated at 110Њ 3Ј23Љ E, 23Њ 21Ј16Љ N. Adult mosquitoes were collected in rural sites, including dairy farms and pigsties, using an electromotive aspirator. The adult mosquitoes were anesthetized, stored at Ϫ20ЊC, and then transported to the laboratory. They were identiÞed using the standard keys made by Lu and Wu (2003) .
DNA Isolation. DNA from individual mosquitoes was isolated using the Livak method with a DNA isolation kit (TaKaRa) (Livak 1984) . Before DNA isolation, one-third of the lower abdomen of the female mosquitoes was removed to avoid DNA contamination from sperms stored in the spermatheca.
Molecular Identification of Anopheles species. Two malaria vectors, An. sinensis and An. anthropophagus (Xu and Feng 1975) , have coexisted in Guangxi province in the past years (Huang et al. 1998 ). However, collecting An. anthropophagus in the past was difÞcult because of the occurrence of environmental changes not favorable for An. anthropophagus. An. sinensis has been reported to have become the main vector of malaria in mainland China . Distinguishing the two species using the keys mentioned above is difÞcult but necessary to correlate kdr frequency with the exact species. Molecular identiÞca-tion was performed based on the assay by Ma et al. (1998) .
DNA Sequencing and Genotyping of the VGSC Gene. The S6 segment of domain II of the para-type sodium channel gene was targeted to identify kdr candidates: the traditional kdr substitutions in the allele L1014, L1014F, and L1014S in An. gambiae (Verhaeghen et al. 2006) and Cx. p. pallens (Chen et al. 2010 ); L1014F and L1014H in Drosophila (Burton et al. 2011) ; and L1014F and L1014C in An. sinensis (Tan et al. 2012) .
No alternative splicing was observed to have occurred in the cDNA sequences of the sodium channel and in the intervening sequences in An. sinensis. The position of the amino acids was numbered according to the An. gambiae sodium channel sequence (GenBank accession number XM_316809.4).
Up to 52 genomic DNA samples for PCR templates were prepared from individual mosquitoes using the Universal Genomic DNA Extraction Kit Ver. 3.0 (Code DV811A Lot CA1401 Exp. December 2011, TaKaRa). The samples from An. sinensis were sequenced to target the putative allele in the VGSC gene and identify kdr candidate(s): the most typical kdr substitution L1014F (Bass et al. 2007 ) and amino acid locations in VGSC associated with DDT and pyrethroid resistance in An. gambiae and other insects, namely, S989P (Srisawat et al. 2010 ), I1011M or V (Saavedra-Rodriguez et al. 2007 ), and V1016G or I (Saavedra-Rodriguez et al. 2007 ). Partial DNA fragments of domain VI were ampliÞed via PCR using Kod The conditions of the PCR reaction were as follows: initial denaturation at 94ЊC for 3 min, followed by 35 cycles at 94ЊC for 30 s, 55ЊC for 30 s, and 68ЊC for 1 min, with a Þnal extension step at 68ЊC for 7 min. The PCR products were puriÞed using TaKaRa Agarose Gel DNA PuriÞcation Kit Ver. 2.0 (Code DV805A Lot CA 2301 Exp. February 2012) and directly sequenced with the primers AS1 and AR1 as well as AS2 and AR2 using the ABI 3130 Genetic Analyzer.
Allele-Specific PCR for the Genotyping of kdr-Like Genes. Based on the sequence data for An. sinensis and competitive PCR ampliÞcation of speciÞc alleles in the works of Jamroz et al. (1998) , Martinez-Torres et al. (1998) , Zhang et al. (1999) , Song et al. (2007) , and Tan et al. (2012) with some modiÞcations, a test method involving three PCR reactions for each specimen was developed to detect kdr genotypes (Fig. 2) . The three PCR reaction systems were almost the same, except for the sense-speciÞc primer they contained. The Þrst reaction system contained a primer (kdr-L) ending with "TTG" at the 3Ј-end to detect amplicons with the codon TTG. The second contained a primer (kdr-S) ending with "TC" at the 3Ј-end to detect amplicons with the codon TCG. The third contained a primer (kdr-F) ending with "TT" at the 3Ј-end to detect amplicons with the codon TTT. Thus, the three allelespeciÞc inner primers were designed as sensitive (kdr-L) and resistant (kdr-S and kdr-F) sense primers (Table 1) . Two additional nonspeciÞc outer primers, P1 and P2, were based on the sequence immediately downstream of the mutation site, and one sense primer for upstream stepping over the mutation points (Table  1) . PCR detection was performed according to the standard procedure in a reaction system with a total volume of 50 l consisting of 5 l 10ϫ buffer, 4.0 l (80 to 100 ng) genomic DNA, 2.0 l 25 mM MgCl 2 , 2.0 l dNTP (10 mM), 1.0 l Kod Plus polymerase, 2 l primers (1 l each primer), and 34 l dH 2 O. For each template obtained from an individual strain, three PCRs were performed: the Þrst included the primers P1, kdr-L, and P2; the second included the primers P1, kdr-F, and P2; and the third included the primers P1, kdr-S, and P2. The PCR conditions were as follows: 1 cycle at 93ЊC for 4 min, 35 cycles at 94ЊC for 1 min, 55ЊC for 30 s, and 68ЊC for 1 min, and Þnally, 1 cycle at 68ЊC for 7 min. The PCR products were examined via electrophoresis on 1.2% agarose gel in TAE buffer. The resulting bands were visualized through ethidium bromide staining. The size of the PCR products for the detection of kdr alleles was 169 bp, whereas the size of the products used as allele-nonspeciÞc outer primers was 263 bp.
Primer-Introduced Restriction Analysis-PCR for the Genotyping of kdr-Like Genes. Primer-introduced restriction analysis (PIRA)-PCR is based on the incorporation of a deliberate mismatch in one primer, which results in the creation of a new restriction enzyme recognition site in the PCR amplicon in the presence of a speciÞc allele in the target DNA. Based Table 1 . The primer pair kdr-L and P2 ampliÞed a 169-bp fragment for the detection of the wild-type susceptible allele (for codon TTG). The primer pair kdr-F and P2 ampliÞed a 169-bp fragment for the detection of the resistant allele L1014F (codon TTT). The primer pair kdr-S and P2 ampliÞed a 169-bp fragment for the detection of the resistant allele L1014S (codon TGT). The primer pairs P1 and P2 were two allele-nonspeciÞc outer primers. Table 1 . Primers used in the present study
TGTCGTCCTGCAGTTACTCACCACA on the kdr L1014 allele, the three bases of the kdr gene in the L1014 allele of An. sinensis were found to be TTG, TCG, or TTT. Two PIRA-PCR primers, EPS and EPR, were designed to genotype the kdr gene in the 1014 allele. The PIRA primer EPS (forward) was designed with the sequence 5Ј-gcggtcccaaaagggtcagtCCCGGTGGTAATTGGAAgCT-3Ј, where an A-to-G mismatch was incorporated at the third base position from the 3Ј-end (shown in small letters). The terminal AAgCT-3Ј sequence of EPS created a recognition site for the restriction enzyme HindIII-AAGCTT in the ampliÞed PCR product in the presence of the codons TTT or TTC in the template DNA in the kdr allele. The other PIRA primer, EPR (reverse), was designed with the sequence 5Ј-gcggtcccaaaagggtcagtTGTCGTCCTGCAGTTACTCAtCAC-3Ј, where a G-to-T mismatch was incorporated at the fourth base position from the 3Ј-end (shown in small letters). The terminal tCAC-3Ј sequence of EPR created a recognition site for the restriction enzyme HphI-GGTGA in the ampliÞed PCR product in the presence of codons TCG or TTG in the template DNA in the kdr allele. With these primers, amplicons with the codon TTT could be digested by HindIII only, amplicons with the codon TCG could be digested by HphI only, and amplicons with the codon TTG could be digested by both HindIII and HphI (Fig. 3) . The reaction systems used for the PCRs had a total volume of 15 l and were composed of 1.5 L10ϫ Taq buffer, 1.2 l MgCl 2 , 0.1 l Taq polymerase (TaKaRa), 0.3 l dNTP mixture, 0.4 l primers (0.2 l each primer), 0.5 l template DNA, and 11 l dH 2 O. The PCR conditions were as follows: 1 cycle at 94ЊC for 3 min, 40 cycles at 94ЊC for 30 s, 60ЊC for 30 s, and 72ЊC for 60 s, and a Þnal extension step at 72ЊC for 6 min. The two restriction digestion reactions involved 0.5 l (10 U/ml) enzyme, 1.0 l restrictive buffer, and 8.5 l PCR reactant in a 10 l total digest volume stored at 37ЊC for 120 min. Electrophoresis was performed on 2.2% agarose gel at 140 V for 10 min.
Primer-Introduced Multiple-PCR for the Genotyping of kdr-like Genes. Primer-introduced multiple (PIM)-PCR is based on the different bases of the L1014 allele in An. sinensis and additional tails in the primers, in order that the three differential fragments exist in the PCR amplicons. The two PIM primers, kdr-1 and kdr-2 (forward), were designed with TT and TC at the 3Ј-end according to the Þrst and second bases of the 1014 allele. The PIM primer kdr-2 was designed with an additional tail at the 5Ј-end (shown in small letters) ( Table 1 ). The other two PIM primers, kdr-3 and kdr-4 (reverse), were designed according to the third base of the 1014 allele with "A" and "C" at the 3Ј-end. The kdr-3 PIM primer was designed with an additional tail at the 5Ј-end (shown in small letters) ( Table 1) .
The four PIM primers were placed in one tube to amplify three probable DNA fragments based on the DNA template of one specimen. PIM primers kdr-1 and kdr-3 were used to amplify the alleles with the codon "TTT" to genotype the gene with "Phe" in the 1014 amino acid location. PIM primers kdr-1 and kdr-4 were used to amplify the alleles with the codon TTG to genotype the gene with "Leu" in the 1014 amino acid location. The paired PIM primers kdr-2 and kdr-4 were used to amplify the alleles with the codon "TCG" to genotype the gene with "Ser" in the 1014 amino acid location. The PCRs resulted in no more than two amplicons because the tested organism was diplontic (Fig. 4) .
The total PCR volume of 20 l comprised 2.0 l 10ϫ Taq buffer, 1.5 l MgCl 2 , 0.2 l Taq polymerase (TaKaRa), 0.5 l dNTP mixture, 1.0 l primers (0.25 l each primer), 1.0 l template DNA, and 15.8 l dH 2 O. The PCR conditions were as follows: 1 cycle at 93ЊC for 3 min; 20 cycles at 94ЊC for 1 min, 55ЊC for 30 s, and 72ЊC for 1 min; 20 cycles at 94ЊC for 1 min, 60ЊC for 30 s, and 72ЊC for 1 min; and 1 cycle at 72ЊC for 7 min. The PCR products were examined via electrophoresis on 2.2% agarose gel in TAE buffer at 140 V for 10 min using a DL500 DNA marker.
Results
In total, 52 Anopheles specimens were collected from Guiping, Guangxi. The specimens were identiÞed using PCR methods according to Ma et al. (1998) . PCR results showed that all the 52 Anopheles specimens (33 female and 19 male adults) were An. sinensis. Fig. 3 . Schematic diagram of the PIRA-PCR assay. Based on the primers marked with a mismatch sequence from "A-G" in the sense sequence and "G-A" in the antisense sequence, one specimen would be split into one or two amplicons because of the diploid genomic sequence of the specimens. Amplicons with TTT could be divided into two fragments by HindIII. Amplicons with TTG could be divided into two fragments by both HindIII and HphI. Amplicons with TCG could be divided by neither of the two restriction enzymes. The four alleles that might have caused DDT and pyrethroid resistance were detected in VGSC. Two main substitutions were found present in the DNA sequence of the VGSC gene based on the results of the direct sequencing of the L1014 residue in the II-S6 segment of the gene. A T to C substitution at the second base of the 1014 allele caused a Leu-to-Ser (TTG-to-TCG) mutation, whereas a G to T substitution at the third base of the 1014 allele caused a Leu-to-Phe (TTG-to-TTT) mutation. Furthermore, an A to G substitution at the second base, which led to an Asn-to-Ser (AAC-to-AGC) amino acid substitution, was discovered in the N1013 allele. This mutation coexisted with L1014F in the same DNA template. A T to G substitution at the second base of the L1014 allele, which led to a Leu-to-Trp (TTG-to-TGG) amino acid substitution, was also discovered. This mutation coexisted with 1014F, making the 1014F/W substitution in the 1014 allele in the same DNA template (Fig. 5) . The L1014F and L1014S substitutions were detected at a slightly high frequency (Fig. 6) . No substitutions were found in the S989, I1011, and V1016 alleles and in the alleles in the segment 4 Ð 6 of domain II of the VGSC gene. Of the 50 mosquitoes tested, 38% exhibited L1014S substitution and 16% exhibited L1014F substitution.
In total, 52 mosquitoes were genotyped using a direct sequencing assay. The number of mosquitoes and their genotypes were as follows: L/L ϭ 24, L/S ϭ 19, L/F ϭ 8, and F/W ϭ 1. The allelic frequency of L1014, 1014S, and 1014F were 72, 18, and 9%, respectively (Fig. 5) .
Optimization of the kdr Mutation Detection Assays.
After optimization, the PCR detection test was capable of discerning kdr homozygous (L/L) and heterozygous (L/S or L/F) genotypes for the L1014F and L1014S substitutions in the ␣-subunit of the paratype sodium channel gene. The product ampliÞed by the two nonspeciÞc outer primers P1 and P2 was 263 bp. The product ampliÞed by the three speciÞc pairedprimers was 169 bp (Fig. 7) .
Confirmation via PIRA-PCR. PIRA-PCR was followed by digesting reactions with HindIII and HphI, respectively, in two parallel tubes. Afterward, electrophoresis was performed; the detection of PCR products veriÞed the presence of mutant genotypes. The presence of alleles with TCG at the 1014 position was indicated by the appearance of 45 and 90-bp fragments resulting from the activities of HphI and HindIII, respectively. The presence of alleles with TTT in the 1014 position was indicated by the appearance of 45-and 90-bp fragments resulting from the activities of HindIII and HphI, respectively. The presence of alleles with TCG in the 1014 position was indicated by the appearance of 45-bp fragments resulting from the activities of both HindIII and HphI in the two reaction tubes. Based on these results, the L/F (TTG/TTT) genotype was veriÞed by the appearance of a 45-bp fragment in the Þrst tube, resulting from the activity of HindIII, and 90-and 45-bp fragments in the second tube, resulting from the activity of HphI. Likewise, the L/L (TTG/TTG) genotype was veriÞed by the appearance of 45-bp fragments in both tubes, whereas the L/S (TTG/TCG) genotype was veriÞed by the appearance of 90-and 45-bp fragments in the Þrst tube and a 45-bp fragment in the second tube, resulting from the activities of HindIII and HphI, respectively (Fig. 8) .
Confirmation via PIM-PCR. The detection of one or two fragments through electrophoresis veriÞed the presence of mutant genotypes. Based on the primers and because of the diplont, the presence of the heterozygous alleles L/F (TTG/TTT) or L/S (TTG/ TCG) was veriÞed by the appearance of two of the three fragments with 46 and 66 bp and with 66 bp and 86 bp in one electrophoresis channel, respectively. Similarly, the presence of the homozygous alleles L/L, S/S, and F/F was veriÞed by the appearance of a single fragment with 66, 86, and 46 bp, respectively (Fig. 9) . 
Discussion
DDT and pyrethroid insecticides act on VGSCs by modifying their gating kinetics, resulting in the prolonged opening of individual channels, and paralysis and death of insects (Ma et al. 1998) . One of the important mechanisms for DDT and pyrethroid resistance in insects is the kdr (Davies and Williamson 2009) , which reduces the target-site sensitivity of insecticides. The resistance phenotype is commonly conferred by a single or coexisting point substitution(s) (L1014F/S/H) in the II-S6 segment of the VGSC gene (Soderlund and Knipple 2003) . Thus, the current study is presumed to be the Þrst to report on the coexistence of the putative kdr mutations of L1014F (TTG/TTT) and L1014S (TTG/TCG) in An. sinensis in China.
L1014S substitution was reported in An. gambiae (Ranson et al. 2000) , An. arabiensis (Verhaeghen et al. 2006) , and An. sacharovi (Lü leyap et al. 2002) . Only before 2010, this mutation was reported to be associated with insecticide resistance in six other anopheline species, namely, An. culicifacies (Giles, 1901) (Singh et al. 2010 ), An. vagus, (Donitz, 1902 An. paraliae, (Rodenwaldt, 1926) An. peditaeniatus (Leicester, 1908) (Verhaeghen et al. 2010) , An. stephensi (Liston, 1901) (Singh et al. 2011) , and in An. sinensis from Vietnam, Cambodia, and Laos (Verhaeghen et al. 2010 ). In Cx. P. pipiens, L1014S substitution was identiÞed to be associated with DDT resistance (David et al. 1999 ). Little information is available regarding the transmembrane potential of the 1014S allele in anopheline species, which appears to be less wide- spread, occurring mainly within East Africa (Stump et al. 2004 ). However, recent surveys have reported the cooccurrence of 1014F and 1014S alleles in some localities in Gabon, Cameroon, Uganda, Vietnam, Cambodia, and Laos (Etang et al. 2006 , Pinto et al. 2006 , Verhaeghen et al. 2006 , Liu et al. 2006 . Recently, L1014S substitution has also been detected for the Þrst time in China. In the past years, DDT sprays have been used for mosquito control in Southwest China because of the chemicalÕs low cost and long-lasting effectiveness in carrier materials (Liu et al. 2006 ). The conservation of the L1014F and L1014S substitutions in several insects indicates their possible role in the kdr phenotype of other insects.
Mutations in different alleles coexisting in the same template in several insects are associated with pyrethroid resistance or super-kdr resistance. Coexisting mutations in the VGSC gene of the house ßy exist in the II-S6 and II-S4-S5 linker, manifesting as super-kdr resistance (Williamson et al. 1996) . No mutation in other locations has been reported in Anopheles, except for a novel mutation, L995H, in one specimen (An. culicifacies s.l.) from Iran (Singh et al. 2009 ). The current study conÞrms that coexisting substitutions (L1014F and N1013S, and L1014F and L1014W) in An. sinensis are also associated with kdr or super-kdr. In the current study, the screening of a limited number of specimens from Guangxi revealed the presence of N1013S and 1014F-W substitutions in An. sinensis. The implication of such mutations on DDT and pyrethroid resistance remains to be investigated.
The partial sequencing of the VGSC gene of wild An. sinensis revealed the presence of two alternative mutations, L1014F and L1014C, in the II-S6 transmembrane segment of the gene (Tan et al. 2012) . No other mutation was recorded in the region sequenced in 290 An. sinensis specimens from Jiangsu province, East China. The current study is the Þrst to report the presence of L1014S in An. sinensis in Southwest China, without the detection of L1014C. Although DDT was supposed to be especially associated with kdr mutations, it has always been used with pyrethroid insecticides for vector control. No "L" to "S" substitution was detected in East China, and no L to C substitution was detected in Southwest China. In the current study, the limited data generated from one locality revealed the predominance of L1014S substitution. However, a thorough survey is still required to map the distribution of the two mutations detected in different eco-epidemiological paradigms with different insecticide selection pressures. The efÞcacy of vector control strategies may be improved by replacing previously used insecticides with new ones, based on the genotyping studies on the VGSC gene, thereby prolonging the effective lifespan of the active ingredients of insecticides.
The monitoring of insecticide resistance in vector populations is an essential component of malaria control strategy for eliciting effective decision-making processes in the selection of vector control options. The PCR-based methods AS-PCR (Tan et al. 2012 , Song et al. 2007 ), PIM-PCR , and PCR-restriction fragment-length polymorphism (Tan et al. 2012 ) are simple and cost-effective methods that have been widely used. AS-PCR, which features an additional mismatch sequence at the 3Ј-end of allelespeciÞc primers, has been incorporated in the current study to increase the speciÞcity of the primers (Ma et al. 1998 ). AS-PCR was developed by Enayati et al. (2002) for the genotyping of the L1014F substitution in An. stephensi. They have successfully used the method for genotyping the An. stephensi from Iran. However, this assay has a limitation when used in Cx. P. pallens populations from China because of the occurrence of many polymorphisms in the DNA template around the mutant site, resulting in variable sizes of PCR products ). The same phenomenon is observed in An. stephensi from India that has alternative microsatellites in the amplicons, making the assay unsuitable for the study of this particular population (Singh et al. 2011) . Nevertheless, the assay is cheap and convenient to use; hence, it can be used by grassroots CDC branches for resistance monitoring. PIRA-PCR has always been considered as a highly speciÞc method for kdr genotyping. The use of this technique is limited by the absence of a restrictive site in the template. A new PIRA-PCR has been designed with a mismatch sequence near the 3Ј-end to make a restrictive site for the genotyping of the kdr mutations L1014F and L1014C in An. sinensis from east China (Tan et al. 2012) . Based on this method, a modiÞed assay was successfully used in the current study to detect the L1014F and L1014S substitutions. This method is a simple and sensitive assay for the genotyping of kdr mutations in An. sinensis. In addition, it can be used as a new approach for allele genotyping of species from other areas. PIM-PCR is less used in the genotyping of point mutations for vector control because of the difÞculty in the selection of PCR conditions. However, the method is also cheap and simple. In the current study, it was used as a new assay for allelic genotyping in vector resistance monitoring. The method was used successfully. PIM-PCR can also be used in other vectors for kdr allele genotyping.
